Virus-specific T-cell responses are crucial for controlling human immunodeficiency virus (HIV) and simian immunodeficiency virus (SIV) replication (3, 4, 12, 20, 28, 36, 37) . Therefore, a great deal of effort has been exerted to develop AIDS vaccines eliciting virus-specific T-cell responses (23, 27, 30, 47) , but whether this approach actually results in HIV control remains unclear (1, 6) . It is important to determine which T-cell responses need to be induced by prophylactic vaccination for HIV control after virus exposure.
Because HIV preferentially infects HIV-specific CD4 ϩ T cells (5) , induction of HIV-specific memory CD4
ϩ T cells by vaccination may increase the target cell pool for HIV infection and could enhance viral replication (42) . However, CD4 ϩ helper T-cell responses are important for functional CD8 ϩ cytotoxic-T-lymphocyte (CTL) induction (11, 40, 43, 46) , and it has remained unknown whether HIV-specific memory CD8 ϩ T cells induced by vaccination with non-virus-specific CD4 ϩ T-cell help (but without HIV-specific CD4 ϩ T-cell help) can exert effective responses after virus exposure. Indeed, the real impact of prophylactic induction of CTL memory itself on HIV replication has not been well documented thus far.
We previously developed a prophylactic AIDS vaccine consisting of DNA priming followed by boosting with a recombinant Sendai virus (SeV) vector expressing SIVmac239 Gag (26) . Evaluation of this vaccine's efficacy against a SIVmac239 challenge in Burmese rhesus macaques showed that some vaccinees contained SIV replication whereas unvaccinated animals developed AIDS (15, 27) . In particular, vaccination consistently resulted in control of SIV replication in those animals possessing the major histocompatibility complex class I (MHC-I) haplotype 90-120-Ia. Gag 206-216 (IINEEAADWDL) and Gag 241-249 (SSVDEQIQW) epitope-specific CD8 ϩ T-cell responses were shown to be involved in SIV control in these vaccinated macaques (14, 16) .
In the present study, focusing on CD8 ϩ T-cell responses directed against one of these epitopes, we have evaluated the efficacy of a vaccine expressing the Gag 241-249 epitope fused with enhanced green fluorescent protein (EGFP) against a SIVmac239 challenge in 90-120-Ia-positive rhesus macaques. The animals exhibited this single-epitope-specific CD8 ϩ T-cell response and SeV-EGFP-specific CD4 ϩ T-cell responses after vaccination and showed rapid, dominant induction of potent secondary Gag 241-249 -specific CD8 ϩ T-cell responses after a SIV challenge. Plasma viral loads in these vaccinees were significantly reduced compared to those of naive controls. These results indicate that induction of CD8 ϩ T-cell memory without virus-specific CD4 ϩ T-cell help by prophylactic vaccination can result in effective CD8 ϩ T-cell responses after virus exposure.
MATERIALS AND METHODS
Animal experiments. Burmese rhesus macaques (Macaca mulatta) possessing the MHC-I haplotype 90-120-Ia were divided into three groups: unvaccinated group I (n ϭ 6), control-vaccinated group II (n ϭ 6), and Gag 236-250 -vaccinated group III (n ϭ 6). The MHC-I haplotype was determined by reference strandmediated conformation analysis as described previously (2, 27, 44) . Macaque R06-019, administered nonspecific immunoglobulin G 1 week after a SIV challenge, and previously reported macaque R02-007 (15) were included in group I. pGag 236-250 -EGFP-N1 DNA expressing a Gag 236-250 -EGFP fusion protein was constructed from pEGFP-N1 DNA (BD, Tokyo, Japan). The fusion protein was designed to have 31 amino acids including SIVmac239 Gag 236-250 -sequences (IAGTTSSVDEQIQWM) added to the amino-terminal portion of EGFP (Fig.  1A) . The group III macaques received 5 mg of pGag 236-250 -EGFP-N1 DNA intramuscularly and 6 weeks later received a single intranasal boost with 6 ϫ 10 9 cell infectious units of F deletion-containing, replication-defective SeV (24) expressing the Gag 236-250 -EGFP fusion protein (F[Ϫ]SeV-Gag 236-250 -EGFP). The group II macaques were primed with pEGFP-N1 DNA and boosted with F(Ϫ)SeV-EGFP instead. Approximately 3 months after the boost, these animals and the unvaccinated group I animals were challenged intravenously with 1,000 50% tissue culture infective doses of SIVmac239 (17) . All animals were maintained in accordance with the guidelines for animal experiments performed at the National Institute of Infectious Diseases (32) .
Analysis of virus-specific CD8
؉ T-cell responses. We measured virus-specific CD8 ϩ T-cell levels by flow cytometric analysis of gamma interferon (IFN-␥) induction after specific stimulation as described previously (15, 27) . In brief, peripheral blood mononuclear cells (PBMCs) were cocultured with autologous herpesvirus papio-immortalized B-lymphoblastoid cell lines pulsed with 1 M SIVmac239 Gag 241-249 or Gag 206-216 peptides for Gag 241-249 -specific or Gag 206-216 -specific stimulation. Alternatively, PBMCs were cocultured with B-lymphoblastoid cell lines infected with vesicular stomatitis virus G proteinpseudotyped SIVGP1 for SIV-specific stimulation. The pseudotyped virus was obtained by cotransfection of COS-1 cells with a vesicular stomatitis virus G protein expression plasmid and env and nef deletion-containing simian-human immunodeficiency virus molecular clone (SIVGP1) DNA (26, 41) . Intracellular IFN-␥ staining was performed with a CytofixCytoperm kit (BD) and fluorescein isothiocyanate-conjugated anti-human CD4, peridinin chlorophyll protein-conjugated anti-human CD8, allophycocyanin (APC)-conjugated anti-human CD3, and phycoerythrin (PE)-conjugated anti-human IFN-␥ monoclonal antibodies (BD). Specific T-cell levels were calculated by subtracting nonspecific IFN-␥ ϩ T-cell frequencies from those after peptide-specific or SIV-specific stimulation. Specific T-cell levels lower than 100 per million PBMCs were considered negative.
Analysis of Gag 241-249 -specific cytolytic CD8 ؉ T-cell responses. We analyzed Gag 241-249 -specific induction of IFN-␥ and CD107a in CD8 ϩ T cells. PBMCs were stained with custom-made, PE-conjugated Gag 241-249 epitope-Mamu-A*90120-5 tetrameric complexes, Gag 241-249 -A*90120-5 tetramers (Medical and Biological Laboratories Co. Ltd., Nagoya, Japan) (45), for 15 min at 37°C and subsequently incubated with anti-human CD107a antibody (BD) for 6 h in the absence or presence of 1 M Gag 241-249 peptide for unstimulated controls or Gag 241-249 -specific stimulation. In both cultures, anti-human CD28 and antihuman CD49d antibodies (5 g/ml) (BD) were added for costimulation and monensin (BD) and brefeldin A (Sigma-Aldrich, Tokyo, Japan) were used for inhibition of cytokine secretion. Immunostaining was performed with a CytofixCytoperm kit and the following monoclonal antibodies: fluorescein isothiocyanate-conjugated anti-human perforin (MABTECH), peridinin chlorophyll protein-conjugated anti-human CD4 (BD), APC-conjugated anti-human granzyme B (Invitrogen, Tokyo, Japan), PE-cyanine 7 (PE-Cy7)-conjugated anti-human IFN-␥ (BD), APC-Cy7-conjugated anti-human CD3 (BD), energy-coupled-dyeconjugated anti-human CD69 (Beckman Coulter, Tokyo, Japan), Alexa700-conjugated anti-human CD8 (BD), and anti-human CD107a conjugated with Pacific Blue with a Zeon mouse immunoglobulin G1 labeling kit (Invitrogen). Flow cytometric analysis was performed with the FACSaria system (BD). The data were analyzed with FlowJo (version 8.2; TreeStar Inc., Ashland, OR), FACSDiva (BD), PESTLE (version 1.5.4), and SPICE (version 4.1.6) software.
Statistical analysis. Statistical analysis of plasma viral loads in the acute phase (at the peak and week 5) was performed with R version 2.7.1 (R Development Core Team; http://www.R-project.org/). Data were log transformed, and a twotailed one-way analysis of variance, followed by the Shaffer sequentially rejective method of multiple-comparison analysis (39) , was performed to estimate differences among groups I, II, and III with overall significance levels set to ␣ ϭ 0.05 (two tailed). Statistical analysis of set point plasma viral loads was performed by the nonparametric Kruskal-Wallis test with the sequentially rejective pairwise Mann-Whitney exact test, because we did not assume residual normality and homoscedasticity in set point viral loads, which were mostly below the lower limit of detection in group III animals. Antigen-specific T-cell frequencies were log transformed and compared by unpaired two-tailed t test with significance levels set at P Ͻ 0.05, and correlation was analyzed by using Prism software version 4.03 (GraphPad Software, Inc., San Diego, CA).
RESULTS

Gag 241-249 -specific CD8
؉ T-cell induction following prophylactic vaccination. Eighteen Burmese rhesus macaques possessing MHC-I haplotype 90-120-Ia were divided into three groups of six animals each (Table 1) . Group I received no vaccination, group II received a control vaccine, and group III received a vaccine eliciting Gag 241-249 -specific CD8 ϩ T-cell responses. We refer to groups I and II as naive controls in the present study. We constructed a plasmid DNA (pGag 236-250 -EGFP-N1) and an F deletion-containing SeV (F[Ϫ]SeVGag 236-250 -EGFP) vector both expressing an SIVmac239 Gag 236-250 (IAGTTSSVDEQIQWM)-EGFP fusion protein to be used for group III vaccination (Fig. 1A) . SeV proteins and EGFP have no amino acid sequence identity with SIVmac239. These group III animals received a single intramuscular pGag 236-250 -EGFP DNA injection, followed by a single intra- We measured the antigen-specific CD8 ϩ T-cell responses in these macaques 1 or 2 weeks after the SeV boost by detection of specific IFN-␥ induction. All group III macaques showed efficient Gag 241-249 -specific CD8 ϩ T-cell induction after the F(Ϫ)SeV-Gag 236-250 -EGFP boost (Fig. 1B) . In these animals, we also confirmed SeV-EGFP-specific CD8 ϩ and CD4 ϩ T-cell responses (Fig. 1C) but did not detect Gag 206-216 -specific CD8 ϩ T-cell responses, which are dominantly induced in 90-120-Ia-positive macaques by Gag-expressing SeV vaccination (14) . We have never found Gag 236-250 -specific CD4 ϩ T-cell responses in any previously examined animals, and as expected, analyses with the Gag 236-250 peptide did not detect Gag 236-250 -specific CD4 ϩ T-cell responses in any of the group III animals in the present study. In group II animals, we detected SeV-EGFP-specific T-cell responses but not Gag 236-250 -specific T-cell responses after the F(Ϫ)SeV-EGFP boost (data not shown).
Control of an SIV challenge in vaccinees. Group I (unvaccinated), II (control-vaccinated), and III (Gag 236-250 -vaccinated) macaques were challenged intravenously with SIVmac239. Plasma viral loads in these animals were examined after the challenge ( Fig. 2A) . Most of the group I and II animals failed to contain SIV replication, although plasma viremia became undetectable at week 12 in one animal in group I (R06-037) and one in group II (R06-004). No significant differences were observed between groups I and II in plasma viral loads at the peak, at week 5, at week 12, or around week 24 after the challenge. In contrast, most group III animals contained SIV replication; plasma viral loads became undetectable after week 5 in five of the six animals ( Fig. 2A) . Plasma viral loads in these animals were significantly lower than those in unvaccinated group I and those in control-vaccinated group II at the peak, at week 5, and at the set point (Fig. 2B) . Thus, the prophylactic vaccination inducing Gag 241-249 single-epitope-specific CD8 ϩ T-cell responses resulted in a significant reduction of peak and subsequent viral loads after the SIV challenge. No significant difference in peripheral CD4 ϩ T-cell counts was observed among these three groups (Fig. 2C) .
Dominant Gag 241-249 -specific CD8 ؉ T-cell responses in vaccinees after a SIV challenge. We assessed virus-specific CD8 ϩ T-cell responses at weeks 2 and 12 after a SIV challenge by measuring antigen-specific IFN-␥ induction. Gag 241-249 -specific CD8
ϩ T-cell responses were undetectable or marginal in some naive controls (group I and II) but were efficiently induced in all of the group III animals (Fig. 3A) . In most of the naive controls, Gag 206-216 -specific CD8 ϩ T-cell responses were induced equivalently or more efficiently than Gag 241-249 -specific CD8
ϩ responses, whereas all of the group III animals showed dominant induction of Gag 241-249 -specific CD8 ϩ T-cell responses. In these group III animals, Gag 206-216 -specific CD8 ϩ T-cell responses were inefficient but frequencies of CD8 ϩ T cells exhibiting Gag 241-249 -specific IFN-␥ induction were significantly higher than in naive controls at week 2 ( Fig. 3B) and week 12. Gag 241-249 -specific CD8 ϩ T-cell frequencies at week 2 inversely correlated with peak viral loads (Fig. 3C) .
We also tested SIV-specific CD8 ϩ T-cell responses in these animals (Fig. 4) . We used env and nef deletion-containing simian-human immunodeficiency virus molecular clone DNA SIVGP1 containing the genes encoding SIVmac239 Gag, Pol, Vif, Vpx, and a part of Vpr and measured the frequencies of CD8 ϩ T cells responding to SIVGP1-transduced cells (referred to as SIV-specific CD8 ϩ T cells) as described previously (15) . Naive controls (groups I and II) and vaccinees (group III) were found to possess similar levels of SIV-specific CD8
ϩ T cells at week 2 and week 12.
In our previous study (27) , all of the 90-120-Ia-positive macaques vaccinated with Gag-expressing SeV contained SIV replication with rapid selection of a gag mutation (GagL216S), resulting in escape from Gag 206-216 -specific CD8 ϩ T-cell recognition at week 5, implicating Gag 206-216 -specific CD8 ϩ T-cell responses (rather than Gag 241-249 -specific CD8 ϩ T-cell responses) in viral control. In the present study, however, five of six Gag 236-250 -vaccinated animals controlled SIV replication and had undetectable set point viremia without selection of gag mutation over 5 weeks (data not shown). No gag mutation was selected at week 5 in naive controls, either. These results indicate that in the group III macaques, dominantly induced Gag 241-249 -specific CD8 ϩ T-cell responses in the acute phase play an important role in this vaccine-based SIV control.
Higher Gag 241-249 -specific effector memory CD8 ؉ T-cell frequencies in vaccinees. We then examined Gag 241-249 -specific CD8 ϩ T-cell frequencies in these macaques by using PE-conjugated Gag 241-249 -A*90120-5 tetramers. In group III animals, Gag 241-249 -specific tetramer ϩ CD8 ϩ T cells were still detectable just before the SIV challenge, and their frequencies increased greatly after the challenge; most of the vaccinees exhibited a Ͼ10-fold increase at week 2 compared to prechallenge levels (Fig. 5A) . Increases in tetramer ϩ CD28 Ϫ CD8 ϩ T-cell frequencies after a challenge were especially marked (Ͼ30-fold) (Fig. 5B) . Indeed, within the tetramer ϩ cells, the ratio of CD28
Ϫ cells increased after a challenge and these cells became predominant at week 2. Analysis of an effector memory subset delineated by the CD95 ϩ CD28 Ϫ phenotype (29, 34) revealed significantly higher frequencies of Gag 241-249 -specific tetramer ϩ CD95 ϩ CD28 Ϫ CD8 ϩ T cells in group III than in naive controls (Fig. 5C) . These results suggest efficient responses of Gag 241-249 -specific CD8 ϩ T cells with effector function in the acute phase in group III animals.
Gag 241-249 -specific cytolytic CD8 ؉ T-cell responses in vaccinees. To further investigate the cytolytic quality of Gag 241-249 -specific CD8 ϩ T-cell responses after a challenge, we examined 
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Gag 241-249 -specific induction of CD107a (a degranulation marker), which is related to cytolytic activity (21, 38) , in CD8 ϩ T cells at week 2. Frequencies of CD8 ϩ T cells exhibiting Gag 241-249 -specific induction of CD107a, as well as IFN-␥, within the CD8 ϩ T-cell pool were significantly higher in group III than in naive controls (P ϭ 0.0249 by unpaired t test) (Fig.  6) . One animal, R04-016, in group III did not show Gag 241-249 -specific CD107a ϩ IFN-␥ ϩ CD8 ϩ T-cell responses, but further
FIG. 2. Plasma viral loads and peripheral CD4
ϩ T-cell counts after a SIV challenge. (A) Changes in plasma viral loads (SIV gag RNA copies/ml plasma) in unvaccinated group I animals (black lines in the left panel), control-vaccinated group II animals (blue lines in the left panel), and Gag 236-250 -vaccinated group III animals (red lines in the right panel) after a SIVmac239 challenge. Plasma viral loads were determined as described previously (27) . The lower limit of detection is approximately 4 ϫ 10 2 copies/ml. (B) Comparisons of plasma viral loads in groups I (n ϭ 6), II (n ϭ 6), and III (n ϭ 6) at the peak (left panel) and at week 5 (right panel). The bar indicates the geometric mean of each group. Viral loads at the peak and at week 5 in group III were significantly lower than in group I (P ϭ 0.0124 at the peak and P ϭ 0.0053 at week 5) and group II (P ϭ 0.0355 at the peak and P ϭ 0.0134 at week 5). There were no significant differences between groups I and II either at the peak or at week 5 (P ϭ 0.6047 at the peak and P ϭ 0.6536 at week 5). Set point viral loads in group III were significantly lower than those in group I and group II at week 12 by nonparametric analysis (P ϭ 0.3939 between I and II, P ϭ 0.0152 between I and III, and P ϭ 0.0152 between II and III; P ϭ 0.1797 between I and II, P ϭ 0.0260 between I and III, and P ϭ 0.0411 between II and III around week 24). 
CD8
ϩ T cells producing CD107a, granzyme B, or perforin (P ϭ 0.0076; data not shown). These results indicate efficient induction of Gag 241-249 -specific CD8 ϩ T cells with higher cytolytic activity in the acute phase in group III animals.
DISCUSSION
In the present study, induction of CD8 ϩ T cells specific for a single Gag 241-249 epitope by prophylactic vaccination resulted in a significant reduction of plasma viral loads after a SIV challenge. Even if vaccines are designed to express multiple antigens, of the vaccine-induced CD8 ϩ T cells generated, at most one or only a few epitope-specific cells may recognize the incoming HIV because of viral diversity and host MHC polymorphisms (10). Our finding, however, implies that even a CD8 ϩ T-cell memory response to a single epitope which can recognize the incoming HIV could facilitate HIV control.
Group III macaques showed more effective CD8 ϩ T-cell responses than did naive controls after a SIV challenge. Our previous trial of a vaccine inducing Gag-specific T-cell responses resulted in SIV control in 90-120-Ia-positive macaques with rapid selection of the GagL216S mutation escaping from Gag 206-216 -specific CD8 ϩ T-cell recognition at week 5 (27) . In contrast, the Gag 236-250 vaccination resulted in SIV control without gag mutation selection over 5 weeks in the present study, reflecting the fact that, rather than Gag 206-216 -specific CD8 ϩ T-cell responses, dominantly induced Gag 241-249 -specific CD8
ϩ T-cell responses played a central role in the reduc- ϩ T-cell frequencies in naive controls (n ϭ 10) and group III animals (n ϭ 6) at week 2. The bar indicates the geometric mean of each group. Frequencies of Gag 241-249 -specific (P ϭ 0.0058) but not Gag 206-216 -specific (P ϭ 0.0922) CD8 ϩ T cells in group III were significantly higher than in naive controls. The Gag 241-249 -specific frequencies at week 12 in group III were significantly higher than those in naive controls (P Ͻ 0.0001). (C) Analysis of the correlation between Gag 241-249 -specific CD8 ϩ T-cell frequencies (log) at week 2 and peak plasma viral loads (log). An inverse correlation is shown (P ϭ 0.0196, R ϭ Ϫ0.5759). Samples from macaques R02-007 and R06-019 in group I were unavailable for this analysis.
FIG. 4. SIV-specific CD8
ϩ T-cell frequencies after a SIV challenge. SIV-specific CD8 ϩ T-cell frequencies (per million PBMCs) in naive controls and group III macaques at week 2 (closed boxes) and week 12 (open boxes) are shown. ND, not determined. ϩ T-cell responses in the acute phase after a SIV challenge, facilitating a reduction in peak viral loads. Selection of vaccine epitopes for induction of CD8 ϩ T-cell responses might be important for viral control because the antiviral efficacy of CD8 ϩ T cells could be affected by MHC-I-restricted target epitopes (10, 19, 25, 35) .
Gag 241-249 -specific CD8 ϩ T-cell induction by prophylactic vaccination resulted in higher frequencies of these T-cell responses during the acute phase after the SIV challenge. The induction of Gag 241-249 -specific effector memory CD8 ϩ T cells was especially marked. We did not examine polyfunctionality, but analyses of a cytolytic marker, CD107a, indicated higher frequencies of Gag 241-249 -specific cytolytic CD8
ϩ T-cell responses, implying that these T cells originating from vaccineinduced memory may have higher cytolytic activity in the acute phase. These results suggest that group III animals with Gag 241-249 -specific memory CD8
ϩ T cells showed induction of a high magnitude of Gag 241-249 -specific CD8 ϩ T cells with effector function after a SIV challenge, resulting in reduction of viral loads in the acute phase.
In this study, some 90-120-Ia-positive unvaccinated macaques showed lower viral loads. However, in our previous studies with 
CD8
ϩ T-cell frequencies in naive controls (groups I and II) and group III animals at week 2. The bar indicates the geometric mean of each group. The frequencies in group III were significantly higher than those in naive controls (P ϭ 0.0001 by unpaired t test). Samples from macaques R06-019 in group I and R07-007 in group III were unavailable for this analysis.
FIG. 6. Gag 241-249 -specific cytolytic CD8
ϩ T-cell frequencies at week 2 after a challenge. PBMCs were cultured in the absence or the presence of the Gag 241-249 peptide for unstimulated controls or Gag 241-249 -specific stimulation, and the frequencies of CD8 ϩ T cells exhibiting Gag 241-249 -specific induction of both IFN-␥ and CD107a in the total CD8 ϩ T cells were examined. The bar indicates the geometric mean of each group. The frequencies in group III were significantly higher than those in naive controls (P ϭ 0.0249 by unpaired t test). The right panel is a representative dot plot showing the CD107a (x axis) and IFN-␥ (y axis) responses in CD8 ϩ T cells in macaque R07-008 after Gag 241-249 -specific stimulation. Samples from macaques R06-019 in group I and R07-007 in group III were unavailable for this analysis.
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around 1 year later developed AIDS (15) . Thus, it is inferred that the majority of 90-120-Ia-positive unvaccinated macaques develop AIDS after a SIVmac239 challenge. Several MHC-I alleles are known to be associated with lower viral loads in HIV and SIV infections, and potent CTLs directed against these MHC-I-restricted epitopes have been implicated in the suppression of viral replication (7, 8, 9, 10, 13, 18, 22, 31, 33, 48) . The Gag 241-249 -specific CTL may also be naturally potent (10, 16) , but the impact of memory induction of even these potent CTLs on viral control has not yet been determined. Thus, this is the first study documenting the benefit of single-epitopespecific memory CD8 ϩ T-cell induction by prophylactic vaccination for HIV/SIV control. Further analysis with a vaccine expressing a single helper epitope, as well as a CTL epitope, would contribute to evaluation of the impact of HIV/SIVspecific CD4
ϩ T-cell memory induction on HIV/SIV replication.
Because CCR5 ϩ memory CD4 ϩ T cells, especially HIVspecific CD4 ϩ T cells, are themselves targets of this virus, whether virus-specific CD4 ϩ T-cell induction by prophylactic vaccination can result in effective virus-specific CD4 ϩ T-cell responses postinfection and contribute to HIV control remains unclear. On the other hand, it has been unknown whether HIVspecific memory CD8 ϩ T cells induced by vaccination without HIV-specific CD4 ϩ T-cell help can elicit effective responses after virus exposure. In the present study, the pGag 236-250 -EGFP/ F(Ϫ)SeV-Gag 236-250 -EGFP vaccination elicited Gag 241-249 -specific CD8 ϩ T-cell responses without SIV-specific CD4 ϩ T-cell help but possibly with EGFP-specific or SeV-specific CD4 ϩ T-cell help; i.e., SeV-EGFP-specific CD4 ϩ T cells would confer cognate help for Gag 241-249 -specific CD8 ϩ T-cell induction. The Gag 241-249 -specific memory CD8 ϩ T cells induced by prophylactic vaccination without SIV-specific CD4 ϩ T-cell help but with non-SIV-specific CD4 ϩ T-cell responses responded efficiently to a SIV challenge, showing dominant Gag 241-249 -specific CD8 ϩ T-cell responses resulting in SIV control; infectioninduced SIV-specific CD4 ϩ T-cell responses may be involved in Gag 241-249 -specific CD8 ϩ T-cell induction postinfection. Therefore, this study documents that prophylactic vaccination eliciting virus-specific CD8 ϩ T-cell memory even without virusspecific CD4 ϩ T-cell responses (but with cognate non-virusspecific CD4 ϩ T-cell responses) can facilitate SIV control after a challenge.
Taken together, the present study demonstrates that induction of single-epitope-specific CD8 ϩ T-cell memory without virus-specific CD4 ϩ T-cell help by prophylactic vaccination can result in dominant potent CD8 ϩ T-cell responses and control of SIV replication after a challenge. These results imply possible HIV control by prophylactic vaccination eliciting virusspecific CD8
ϩ T-cell memory with non-virus-specific CD4 ϩ T-cell help and provide valuable insights into AIDS vaccine development.
